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Resolving the Structure of Matter
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Deep Inelastic Scattering
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HERA — Physics Luminosity
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Electron nucleon scattering

Elastic Mott (1929): spinless, structureless, heavy target

do . a?
dQ  4E2 sin* ¢

)
cos? —
2

Rosenbluth (1950): proton with mass, spin and magn. moment
matrix element contains Dirac and Pauli form factors - rewrite:

do a? 50 5 @ 50 .,
= COS™ — — SIN™ —
dQ  4E2sin*$ o(q”) QC(q )

2 2M?

Deep inelastic scattering: QCD with EW exchange

d?o 2ma’
drdQ? ~ zQ* [YiFo(z, Q%) F Y- 2F3(z, Q%) — y?Fr(z, Q)]

In QCD parton model F» 3 sum over couplings x
momentum distributions in the proton

— 3 Z L (VfL)2 (VfR)2 + (A?)Q + (A?)Q}

rom Xy VA VA
7

where zq7 = z(qs(z, Q) + gr(x, Q?)) and zqy are the
momentum distributions.

Coupling
VIR = ef — (ve £ ae) vr X, (@),

A?’R = — (ve £ ae) af Xz(Qz)
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Reconstruct £ and 0

ZEUS Preliminary 1996-97

& :
g70000- .
460000~ 1 CTEQ4D
~ I Diffract.
50000 E= Photopr.
40000
30000
20000

10000 -

0 50 100 150
6, (deg)

%%70000
60000~
< -

50000~
40000
30000-
20000
10000

40 50 60
E-P, (GeV)

) -
£80000-

570000;
60000~
50000
40000
30000~
20000~
10000

o

and reconstruct @2 and zy,

after background subtraction = d?c /dzdQ?
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Proton structure function F, - 1996-97
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Proton Structure Function F»

ZEUS+H1 96/97
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Proton Structure Function F»

ZEUS+H1 96/97
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F-> scaling violation
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Analysis of F>: xg(x) and singlet

ZEUS 1995 Fit to F> with input scale Q2
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Why is it important?

Implications for future QCD studies

Understanding of TQe QCD vacuum
an

L HC parton kinematics
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Charm contribution to F, from D*
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Measure D** in DIS (gluon dominated) in 2 decay modes
Determine the cross sections in DIS and D* variables
Relate the extrapolated double differential cross section to F
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Charm contribution to F»
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Charm contribution to F> cont’d

ZEUS Preliminary 1996-97
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> FS rises faster than Fo (glue dominated)

> FSE ~ 25% F, at low z, high Q2
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Charm contribution to F, contd’

> “direct” Xg—unfolding of X4g(Xg) from D*
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Transition from DIS to very low Q2
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Summary and Outlook

e The HERA collider experiments H1 and ZEUS are
working since 1992 and exploit and extend their
detector(s) with better and better understanding

e The HERA program is rich: there are many other
unigue and competitive results of QCD, diffraction,
heavy flavour physics, and photon sfructure,
exotics...

e HERA physics reveals unigue knowledge of the
proton structure and the QCD at high parton
densities

o

HERA's godl is to deliver
1 fo—1 with polarized
electrons (positrons)
starting 2001 mainly for
high Q2 physics

e

(d’c/dxdQ’) / (d°c, /dxdQ’)

0 100 100 10 10
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Post-upgrade physics: proton structure
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